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Cognex Digitiai uamera (CDC) Design Speciiicaticn 

1. Mission Statement 

This document contains ite trameworx for a proposed camera sro-jcecture witn advanced 
features required by the machine vision industry. The Cognex Digital Camera, hencsfortn 
referred to as (he CDC, if. intended ro provide botn OEMs and End-User's with the most 
COS! effective liigliperfuin am:*: video acquiaitionaub-syatemcun-enrtyavariafale. Our goals 
are to establish new standards for flexibility, speao. and image fiaeity. 

Th9 contents of ifie specification ate proprietary and should not be discussed or disclosed 
to others outside of the imnedtate working groups. The disposition of efforts between Coo- 
nex and the candidate vendor of the camera head assembly is as follows: 

• Aicnilesrure Ccgnex, Vendor 

- Interface Specification Cocnex. Vendor 

- Camera Head Specification _ Ccgnex, Vendor 

• Camera Acquire f. Contrcl Electronics Specification.... Cognex 

• Camera Head Design Vsncor 

- Camera Acquire <v Contra c.ectrcn*s Ces.gn Cognex 

■ Camera Head Procucfton Vender 

• Camora Arry ur* fl Cnntrrl RewlronioS Production Copnex 



Part Numcsr CDC-Speciiicaacn Cognex Cenfiwnta: 
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Cognex Digitia! Camera (CDC) Design Specification 



2. Architecture 



This section contains a description of trie proposed architecture Icr the camera head and 
controller board. 

2.1 Sequential Acquire Model 

Fioure 1 shows the concept (or a system in which a sincje Camera Accuire and Control 
Electronics would support sequential acquires from a maximum of four cameras. Alterna- 
tively, all four cameras cculd integrate images simultaneously and then plsca them in their 
interline vertical transfer registers where they would bs held until readout was initiited. 




Fi s un J: CDC Block Digram (POltia Version) 

The v: -jcK. and camera *.-wng signals are a: smitied differentially to ensure max- 
imum 5«,r. iitegriry in noisy environments. CCD . .-<ji correction is perrormea wimir. tne 
Camera H£a i caefficams dcv-mic-aded frcm via ins Command Interface after an initial c=s- 



2 
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ibration process has been executed at the factor/. Alternatively, the calibration could be ex- 
ecuted in the target system facilitating correction for overaii system factors such as 
iltummaoon flatness. The Acquire Timing logic located on tna Camera Acquire ana Control 
Electronics is responsible tor processing external tngger events and sucoorting atroba fir- 
ing. 

2.1.1 Functional Description - Camera Head 

The Camarz Head contains eight functional elements. It should contain a single high den- 
sity connector and will receive 'clean' regulated power from vnv Caniaia Acquire and Con- 
trol Hectronics. The substrate bias voltage (V^ should be generated locally. A separate 
connector for power is acceptable if required to meet performance. The functional elements 

of II le camera head include: 

l- CCO The core cf the camera head is the soiid state image sensor. The 

initial CDC will use a 'medium format' array. The minimum sensar 
requirements are: 

Interline technology 
Square pixels (dx=dy) 

• Support for electronic 3hu!ter 

- Minimum horizontal dock rats of 2SMHz [tarrpr frame rata is 
60 frames/second) 

« Support suo-irrage readout (must be able io discard vertical 
lines with at least 2x normal readout rate) 

• Multiple resolutions 

medium (640 pixels x 4S0 lines) 
high (1024 pixels by 1024 lines) 
« Single chip color versions also desirable 

2. Vsub CCD subsirate bias voitage generator. 

3. Command Interpret commands issued by the Camera Acquire end Control 
Interface module and instructs the CCD or Correction Map tc peric.-m spe- 
cific functions. The minimum command set induces: 

- ACiivste(c) to u:ed te select Camera Hosd c (c * O, 1 . 2. nr 3) 
for operations which require the camera to transmit either 
Clock and Dvalid signals (e.g. Transfer^) ano Calibrator) or 
command data (e.g. CorrecticnfieadO) to the Camera Acquire 
and Conlroi Electronics. 

• Integrate^ causes the CCD to be reset, integrated fcr flua), 
ihsn transferred to the interline vertical holdino registers. II 
controls ihe electronic shutter function. Multiple cameras may 
be process the Integrated command simultaneously. 
~imraier{y) inmates a readout o< tho sensor The firsr y lir.es 
are ciscarded and net transferred to the Camera Acquire and 
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Control fciectrontcs. i tiis command allows the CUC to perform 
Region-OHnterest (ROI) readout. 

• Caiibratef) initiates a readout of the sensor but bypasses ins 
Pixel Correction phase. This mode is required to pass Itie un- 
corrected data on to the Camera Acquire and Control Elec- 
tronics where the actual correction values can be determined 

via special calibialiot i sullwars; 

•- CoirectioriAddr(adrJr) is a pointer to the next address 0/ the 
Correction Map to be accessed, it is stored locally in the Com- 
mand imenace upon receipt of tnis command. 

• CorrecSonfieadQ initiates memory read cycle of the Correc- 
tion Map at the current address. Data is serialized in the Com- 
mand lnlerface and transferred back to the Camera Acquire 
and Control Bectrcnics. The Correction Map address is post 
incremented (aacW) after the data is read out. 

• CorrecsonWrrte(cfefa) initiates a wnte to the Correction Map at 
the current address. The Command Interface performs sens! 
to parallel conversion 0! the da! 3 and executes a memor/ 
write cyde. The Correction Mao address is pes; incremented 
(aatfr,-+) afier the oata is written. 

The timinc Generator is resDons-ble Icr oradt-cino all 0! the si-jnais 
required to execute the integration and readout pnases oi tha 
CCD sensor. The liming generator is also responsible Icr compi- 
ling me collated double sampling (CDS) sequence within the 
Video Processor as well as matcmng the CCD output pixel wi:h 
the correct gain and level correction factors from the Correction 
Map. 

The liming generator also sends the control signals associated 
with the image transfer procass in RS--I22 (cilterentiai TTL] format 
to the Camera Acquira and Control Electronics. The signals in- 
clude: 

» Clock-, Clock- (pixel clock) 

- Ovalidt. Dvalid- (Data Valid indicator) 



Pixa! 

Correction 



ile sampling (CDS) noise reduction 
techniques and provides some minimum signal gain. The resdtir.j 
video output is differentia! in order to support cable lengths ol uo 
to 5 meters. 

Uses Cili'oration values obtained lioni the Coiisctiun Map to ad- 
just tha gam and level of each pixal This is intenced to minirr.its 
the lixed pattern noise which results from imoalsnea in the crnte 

nrpahnn prnopss from one collection sight to another, dirfsrencss 

in the charge transfer efficiency, and other error sources which 
•ould result ;n uneven grey values tcr 5 image generated oy ex- 
■:ng [he sensorto a uniformly lluminated flat lield target Tha sl- 
.vthm is fairly simple, consisting a i gain and ievel correction. 
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7. Interface 
Electronics 



Wfcu(x,y) » G(x.y) PiXBJpt.y) * Q(X.y) 
Where: 

PbceKxy) is the post CDS pixel vcltaco 
G(xy) is the gain correction factor 
Cfcyj is me offset correction factor 
V'iti8o(x.y} is the corrected video vcitsge 
The resolution of G(x,y) and 0(xy) are TBD. 

Conditions the digital representation of the CCD sensor liming 
signals to meet the voltage levels requires: for proper sensor oper- 



8. Oscillator Provides a stable crystal timing reference for ail camera opera- 
tions and data transfer operations between the Camera Head and 
the Camera Acquire and Control cleclron.cs. 

2.1.2 Functional Description - Camera Acquire and Control Electronics 

Trie Camera Acquire and Control Electronics contains 6 functional elements. The module 
contains a high density connector fcr communications and supplies 'clean' regulated volt- 
sgss to the Camera Mead, i no moduic is based uoon Ccgnex's proprietary Vi&.uri Mocule 
(CVM) concept and can be utili2ad with the 5900 Video Processor as well as all members 
ol the 8000 family. All signals required to suopcrt the CVM electncal interface pass through 
the CVM Interface Connector. The functicnal elements nf thp Camera Acquire and Centre! 
Electronics inciude: 

1 . Camera 4: l differential input multiplexer. It allows a single Camera Acquire 

Multiplexor and Control macule to support a maximum of four Camera Heads 



Amo 4 Low This viclun p«*-proc»ssing is noco==ary to adjust the video signal 
Pass Filter to that required by the AVD converter for maximum performance 
while the low-pass-filter is used to perform classical Nyquist band- 
width limiting ta eliminate aliasinc. 

A/D Rash type device which supports conversion rates up to 30MHz. 

Convener and is TTL compatible. 

Acquire Controls the digitization process and generates all the video timing 

Timing required by the CVM interface basse upon the sense ol ins Czl/. 

and Dvalid signals. Eacn acquire is : armed' via the Cnmmsnc in- 
terface so the Acquire Timing knows when camera :s aciive 2nd 
when a new acquire in commencing. 

Command Translates stancarc CPU r/oe ous structures (e.g. 6e060. CSC. 
interface leca] PCIBus) into serial command streams tor processing bv tne 
installed Camera Heao assenclies. 

DC/DC Used to generate Camera Hesc 1 suopiy voitage(s) from focal bus 
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Convener references; either -oVUC or + 1 dVOZ. Trie voltage will ue ti *; ing- 
est required tor camera sensor operation and coufd be further reg- 
ulated using LDO linear regulators in the Camera Head :o reducs 
noise pcked up via me cable. 

2.1.3 Camera Cable 

It is desirable to support a minimum caDle length oi to 5 meters (approximately 15 test). 
This is why the design uses the following formats for transmission of analog video, pixel 
OCCX and data validation uattrots. and command signals. Each cat of dirf«r»ntial signals 
will use twisted-pair copper as Ihe transmission medium. 

1 . Analcrj Vmeo D.C. coupled differential signal with 3 peak-to-peak level of T3D 

volts. There are four sets of video signals, each dedicated :o a par- 
ticular Camera Head assembly. 

Forvweo-i-: 

V WaJi = 0 0 v 

V^»„=TSDV 
For Video-: 

V aaa =TBDV 

V^ts = 0.0 V 

2. Pixei Clock Gect.'!C3i interface is high periormanca HS-422 (differential TTL) 
era Uvaiia usmg transmitters and re(.eivei:> mdmufecJurod by Luceni Tecn- 

nology (fcrrneriy AT&T). Tnese parts use pseudo-ECL signal lev- 
els Icr the differential signals and suppcn frequencies up to 
10OMH2. Thsso sigruis sro tri-s:2ts<5 until a camera s sstectsd 
(via the Command Interface) allowing them to ba bussed between 
installed Camera Head assemblies and the Camera Acquire and 
Control Eectronics. 

3. Command Electrical interiace is high performance RS-422 (differential TTL) 
Interface using transmitters and receivers manufactured by lucenr Tech- 

nofogy (,'ormerly AT&T). Tnese pens use pjs-jdc-ECt signal lev- 
els for the differential signals and support frequencies up to 
100MHz. The data portion of this interface is tri-ststed unui a cam- 
era is selsciod (via the Command Interfax*) sllnwing th.em to be 
bussed between installed Camera Head assemblies and the Cam- 
era Acquire and Control Electronics. 



This specification allows Cognex tc Assign video ocr.cr. modules v -;nd a standard phys- 
ical and etecrioal interface. This s?te*-, modules to ba snared ar -nultipte vision piai- 
Ictns 
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2J2 Physical Dimensions - Camera Heati 



The goal is to keep the dimensions of the CDC as small as possible. The following dimen- 
sions and weight should be usad aniy as guidelines. Cognex is willing to adjust me pack- 
aging parameters in trie event it yie«ds significant cos; savings. Conversely, we do not want 
tc incur additional costs just to reduce ihe Camera Head assembly to an absolute minimum. 

1. Dimensions 22Wx22Hx50D 



Z Wuirjht 



100g 



2.3 Power Dissipation • Camera Head 



The maximum power dissipation inside the Camera Head assembly is approximately 2.0W. 
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